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GENERAL INTRODUCTION 
The increased planting of trees in urban areas has led to a greater 
understanding and appreciation of factors affecting their survival and 
performance in disturbed areas. Urban environments differ from the native 
habitats of many horticultural tree species. Soil fertility, moisture availability, 
temperature extremes, and the presence of pollutants are factors that affect trees 
in urban areas. Urban soils are characterized by accumulation of man-made 
substances, lack of air and water movement, and high root-zone temperatures. 
These soils can be deficient in mineral nutrients and can contain excessive 
soluble salts harmful to plant growth. Tree species commonly used for urban 
planting may not be tolerant of environmental stresses and poor soil conditions. 
Continued exposure to stresses and unfavorable soil conditions can result in 
decline and mortality of many trees. 
Most leguminous trees commonly used in urban areas are considered 
incapable of symbiotically associating with N-fixing rhizobial bacteria. 
Maackia amurensis Rupr. & Maxim. is a leguminous tree with ornamental 
attributes that make it suitable for use in urban landscapes. It can be grown in a 
wide range of soils and is fairly resistant to pests and diseases. The capacity of 
M. amurensis to form N-fixing root nodules in association with rhizobia may 
allow this species to be produced with minimal N inputs. Nodulated seedlings 
of M. amurensis may survive and grow when transplanted into soils low in N. 
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In this project, the variability in growth, morphology, and N fixation 
among different genotypes of M. amurensis was studied. The influence of 
rhizobial inoculation and rate of N fertilizer on growth and N content of 
seedlings of M . amurensis also were evaluated. The results of this research will 
increase our understanding of genotypic variation in M. amurensis and may lead 
to wider production and use of nodulated plants. 
Thesis Organization 
This thesis contains three manuscripts intended for publication in 
Hort Science or the journal of the American Society for Horticultural Science. 
The format of the manuscripts follows the guidelines in the Publications Manual 
of the American Society for Horticultural Science. A general review of literature 
and general conclusions of the research conducted also are included. 
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LITERATURE REVIEW 
Trees in urban locations are affected by stresses due to altered soil 
conditions, air pollution, high temperature, and vandalism (Karnosky, 1985; 
Kozlowski, 1986). Urban soils are characterized by spatial variability, compaction, 
restricted water movement, elevated pH, and restricted aeration and drainage 
(Craul, 1985). Interruption of nutrient recycling, altered biological activity, 
presence of man-made materials, and modified soil temperatures (Craul, 1985) 
can alter the nutrient status of soils and affect the availability of nutrients to 
plant roots. The average life span of newly planted street trees in Boston, Mass., 
was estimated at 10 years (Foster and Blaine, 1978). In Pasadena, Calif., the 
mortality among newly planted street trees was 34% at the end of 2 years (Nowak 
et al., 1990). Mortality in these studies was attributed to water and nutrient stress, 
vandalism, soil compaction, and improper staking and tying techniques (Foster 
and Blaine, 1978; Nowak et al., 1990). 
Biological and genetic diversity are necessary to maintain stability and 
disease tolerance of urban tree populations (Sanders, 1981). Low diversity may 
increase vulnerability of tree populations to biotic and abiotic stresses 
(Guntenpergen and Stearns, 1983). Selection of tree species without considering 
their capacity to tolerate stresses can result in mortality. Kielbaso (1990) reported 
that of the trees planted in the U.S. in 1980, 75% belonged to only seven species. 
The average species diversity of 11 U.S. towns and cities, estimated by using the 
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Simpson's Diversity Index (SDI), was found to be 11.5 (Sun, 1992). An SDI of 20 
would be required to maintain diversity by limiting numbers of any one species 
to ~5% of the total tree population as recommended by Bassuk (1988) (Sun, 1992). 
Researchers now recommend the use of biologically and genetically diverse 
planting material suited to site characteristics to increase diversity and survival 
of urban tree populations (Endress, 1990; Sun 1992). 
Maackia amurensis Rupr. & Maxim., a legume native to China and Korea 
(Batzli et al., 1992; Graves, 1993), merits consideration for increased use as an 
urban tree. The ornamental characteristics of M . amurensis include olive-
brown, exfoliating bark and creamy white flowers borne in mid-summer 
(Cappiello, 1988; Graves and Batzli, 1990). M. amurensis can be grown in a wide 
variety of soil types and is considered resistant to insect pests and pathogens 
(Cappiello, 1989; Graves and Batzli, 1990). M. amurensis also forms N-fixing root 
nodules in association with rhizobia (Batzli et al., 1992). Nodulated seedlings of 
M. amurensis might require little or no N fertilizer for production and may grow 
well in infertile urban soils (Batzli et al., 1992; Graves, 1993). 
The commercial production and use of M . amurensis are limited, and 
cultivars have not been selected (Graves, 1993). Variability in growth and 
morphology among seedling populations of M. amurensis has not been studied. 
Discovery of faster-growing genotypes is of interest to growers because seedlings 
and trees of M. amurensis grow slowly (Graves, 1993; Graves and Batzli, 1990). 
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Variability in root nodulation and N fixation among inoculated seedlings of 
M. amurensis also has not been evaluated. Faster-growing genotypes may form 
greater nodule mass and derive greater quantities of N from rhizobial N fixation 
than slower-growing genotypes. 
There is a need to identify and evaluate potential urban tree species to 
facilitate diversification of urban tree populations. Criteria used in such 
evaluations may include ornamental character, adaptability to varied 
environments, and resistance to insect pests and diseases. Based on these 
criteria, M. amurensis seems well suited for increased use in urban areas. Its 
slow growth rate, however, may limit its production. Information on whether 
N fixation may permit low-input production also is needed. My studies on the 
variation in growth, root nodulation, and N-fixing capacity among seedling 
populations of M. amurensis will add to our knowledge on its suitability as a 
urban tree species. 
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INFLUENCE OF HALF-SIB FAMILY AND RHIZOBIAL INOCULATION ON 
GROWTH OF SEEDLINGS OF MAACKIA AMURENSIS 
A paper to be submitted to HortScience 
J.Giridhar B. Pai and William R. Graves 
Abstract. We determined the influence of half-sib family and rhizobial 
inoculation on laminar area, root nodulation, and dry mass of seedlings of 
Maackia amurensis Rupr. & Maxim. grown in two media. Seedlings from three 
families (6, 8-1, and 15-1) were grown in perlite or 1 soil: 3 perlite (by volume) for 
8 weeks and subjected to four inoculation treatments. Seedlings grown in 
soil-perlite had greater laminar area and plant dry mass than those grown in 
perlite. Application of ~1 mM N03 to uninoculated seedlings resulted in 
laminar area and plant dry mass similar to that of inoculated seedlings not 
provided N. Application of N to inoculated seedlings increased laminar area and 
plant dry mass and decreased the number of root nodules. Seedlings of family 6 
had less laminar area and dry mass than those of families 8-1and15-1. We 
conclude that differences in growth among half-sib families will be useful in 
efforts to select cultivars, and that rhizobial inoculation of M. amurensis can 
support early seedling growth. 
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Introduction 
The leguminous tree Maackia amurensis Rupr. & Maxim. has ornamental 
traits that make it suitable for use in urban landscapes (Cappiello, 1989; Dirr, 1990; 
Graves and Batzli, 1990). M. amurensis is one of the few temperate leguminous 
trees species capable of forming N-fixing root nodules in association with 
rhizobia. Seedlings of M. amurensis inoculated with rhizobia might be produced 
with minimal inputs of N fertilizer and grown successfully in infertile soils 
(Batzli et al., 1992; Graves, 1993). Growers can induce root nodulation in 
seedlings of M. amurensis by rhizobial inoculation (Batzli et al., 1992), but 
differences in growth between inoculated seedlings produced with or without N 
application have not been studied. M. amurensis typically grows slowly (Graves, 
1993), but variation in growth rates among different genotypes has not been 
evaluated. Identification of faster-growing genotypes is needed. 
In this study, our objective was to determine how rhizobial inoculation 
and N application influence growth and nodulation of seedlings of three half-sib 
families of M . amurensis. Seedlings were grown in perlite and soil-per lite to 
demonstrate family and inoculation effects in two root media. We show that dry 
mass, laminar area, and root nodulation differ among families, and inoculation 
and N application increase mass of plants. 
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Materials and Methods 
Seedlings of M . amurensis grew in 7.5-cm-wide (volume = 200 cm3) square 
plastic pots (Kord Products, Toronto, Canada) for 56 days. Half-sib seeds were 
obtained from maternal trees located at the Brookfield Zoo at Brookfield, Ill. 
(family 6), the Arnold Arboretum at Jamaica Plain, Mass. (family 8-1), and the 
U.S. Dept. of Agriculture National Arboretum at Washington, D.C. (family 15-1). 
Seeds were scarified in 18M sulfuric acid for 60 min and rinsed in sterile 
deionized water. Two seeds were sown on May 19, 1993, in each of 168 pots 
assigned equally among the three families. Half of the pots assigned to each 
family had been filled with 1 soil : 3 perlite (by volume), and the other half were 
filled with perlite. All pots were irrigated to container capacity with 50% N-free 
nutrient solution (Imsande and Ralston, 1981) and autoclaved for 1 h at 121C. 
The soil was obtained from a fallow field plot at the Agronomy and Agricultural 
Engineering Research Center of Iowa State University at Boone, Iowa. The soil 
was low in nitrate-N (7 mg/ liter) and was sieved through a 5-mm screen before 
use. 
Pots were placed on sterile trays and covered with plastic bags 1 day after 
sowing seeds to keep the root medium moist. Day and night air temperatures (16 
h/8 h) inside the growth chamber were set at 24 and 20C, respectively. 
Fluorescent and incandescent lamps provided a 16-h photoperiod. Irradiance 
measured at the top of the plant canopy with a quantum sensor (Ll-185A, 
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LI-COR, Lincoln, Neb.) was 190 ± 12 µmol·s-1.m-2. Twelve days after sowing, pots 
were removed from the plastic bags, and one seedling was removed from each 
pot by using sterile forceps. On the same day, pots were placed individually in 
8.7-cm-diameter (volume = 475 cm3) high-density polyethylene containers 
(Fisher Scientific, Pittsburgh, Penn.) to collect leachate. 
Half of the seedlings in each family-medium treatment combination were 
inoculated with liquid cultures of Bradyrhizobium USDA 4349 (approximately 
108 cells/ml) 14 and 28 days after sowing. Inoculum volume was 1 and 1.5 ml for 
the first and second inoculations, respectively. Seedlings were irrigated to 
container capacity once daily the first week and on alternate days for the 
remainder of the experimental period. From the third week after sowing, half of 
the seedlings in each family-medium-inoculation treatment combination were 
provided N03. The concentration of N03 was 0.25 mM during the third and 
fourth weeks and 1 mM from the fifth to the eighth week. All pots were 
irrigated with 50 ml of sterile, deionized water at every third irrigation to leach 
nutrient salts from the root medium. All solutions and containers used in 
irrigation were sterilized before use, and care was taken during irrigation to 
avoid rhizobial contamination by splashing of solutions. 
Seedlings were harvested on July 14, 1993, 8 weeks after sowing, and 
ranked subjectively on the basis of intensity of green color of foliage 
(5 = completely dark green, 1 =completely chlorotic or necrotic). Plants assigned 
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the intermediate ranks of 2, 3, and 4 had progressively greener foliage than plants 
assigned the rank of 1. The root medium in each pot was removed gently from 
the roots, and the number of nodules was determined. Laminar area was 
measured with a leaf area meter (LI- 3100, LI-COR), and all plant tissues were 
dried in an oven at 67C for 48 h before dry mass was quantified. 
Data were analyzed by using analysis of variance with a factorial model for 
the main effects and interactions of family, root medium, and inoculation. 
Mean separation was performed by using Fisher' s LSD at P = 0.05. 
Results 
Plants grown in soil-perlite had greater stem length, laminar area, and 
dry mass than plants grown in perlite (Table 1). Plants in perlite had a greater 
foliar rank and had more nodules than plants grown in soil-perlite (Table 1). 
Inoculated plants had 17% greater dry mass than uninoculated plants 
among plants grown without applied N (Table 1). The dry mass of uninoculated 
and inoculated plants grown with N were not different (Table 1). Inoculation 
increased foliar rank, laminar area, and the number of nodules of seedlings 
regardless of whether N was provided (Table 1). Inoculation did not affect stem 
length (Table 1). Inoculated plants grown without applied N had rank and dry 
mass similar to uninoculated plants grown with N (Table 1). The number of 
nodules on uninoculated plants grown with or without applied N was =17% of 
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the number on inoculated plants (Table 1). Application of N increased foliar 
rank of inoculated plants only among plants grown in perlite (data not shown). 
Inoculated and uninoculated plants provided N had higher dry mass than 
inoculated plants not provided N when soil-perlite was the root medium (data 
not shown). 
Plants in family 15-1 had longer stems, greater laminar area, and more 
nodules than plants in the other two families (Table 1). Families 8-1 and 15-1 
had greater dry mass than family 6 (P = 0.05). The medium X family interaction 
was significant for stem length and dry mass (Table 1). Seedlings of families 6 
and 8-1 had similar (P = 0.05) mean stem length of 38 and 37 mm, respectively, in 
perlite, and different (P = 0.05) mean stem length of 83 and 68 mm, respectively, 
in soil-perlite. Families 6, 8-1, and 15-1 had mean dry masses of 226, 282, and 308 
mg, respectively, in perlite, and a mean dry mass of 330, 443, and 420 mg, 
respectively, in soil-perlite. The inoculation X family interaction was significant 
for the number of nodules (Table 1). Seedlings of family 6 had :::::40% more 
nodules than family 15-1 among plants grown with N. 
Discussion 
We have shown that seedlings of different half-sib families of 
M. amurensis vary in their growth and nodulation under conditions to which 
plants were exposed in this study. Also, inoculated seedlings of M . amurensis 
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grown without N can accumulate dry matter similar to that obtained by 
uninoculated seedlings grown with ~1 mM N03. Our data also show that 
application of ~1 mM N enhanced dry mass of inoculated seedlings and reduced 
the number of root nodules formed. Lastly, we conclude that use of soil in a root 
medium increases seedling size but can reduce the number of root nodules and 
the quality of foliar pigmentation. 
Families 8-1 and 15-1 had =30% greater dry matter accumulation than 
family 6, and this indicates that seedlings in different families have distinctive 
growth rates. Family 6 also had the lowest laminar area among the three 
families. Such variation among half-sib seedling populations could be used in 
breeding and selection programs to identify genotypes suited for nursery 
production and use in urban landscapes. Currently, commercial production of 
M. amurensis is rare, and there are no cultivars (Graves, 1993). Growers 
interested in M. amurensis production will benefit from faster-growing 
genotypes because this species is known for its slow growth rate both at the 
seedling stage and at maturity (Graves, 1993). Stem length and dry mass among 
the families were different in the two media, and nodulation among the families 
was dependent upon the inoculation treatments. Further studies should 
determine whether these interactions are consistent. 
We found that inoculated plants of M. amurensis not supplied N had 
similar growth as uninoculated plants given N. This shows that inoculated 
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seedlings of M. amurensis not supplied any fe rtilizer N can attain similar growth 
as seedlings grown with fertilizer N. Production of inoculated seedlings without 
application of fertilizer N might reduce production costs and the amount of N 
leaching into ground water supplies (Batzli et al., 1992). 
Application of N enhanced the growth of inoculated plants. Nodulated 
legumes vary in the quantity of N they can derive from rhizobial N fixation to 
attain maximal growth rates (Sprent and Sprent, 1990). Interactions between 
legume hosts and rhizobia influence the efficiency of carbon and N utilization in 
the host and cause variation in N fixation (Sprent and Sprent, 1990). Application 
of N has enhanced the growth of inoculated plants (Jessop et al., 1984; Johnsen 
and Bongarten, 1991; Moudiongui and Rinaudo, 1987). 
The shoot dry weight inoculated plants of chickpea (Cicer arietinum L. cv. 
Opal) increased with increasing concentration of applied N03 between 0 and 6 
mM (Jessop et al., 1984). At two harvests, 56 and 90 days from sowing seeds, 
inoculated plants supplied 6 mM N03 had the highest shoot dry weight. Dry 
weight of inoculated Sesbania rostrata Brem. & Oberm. increased with increasing 
NH.iN03 concentration up to 6 mM (Moudiongui and Rinaudo, 1987). In black 
locust (Robinia pseudoacacia L.), addition of 1 or 5 mM N03 increased growth of 
inoculated plants compared with the growth of inoculated plants not given N03 
(Johnsen and Bongarten, 1991). We have shown that application of ~1 mM N03 
enhances growth of inoculated plants of M. amurensis. It may be possible to 
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achieve near-maximal growth of nodulated plants during nursery production by 
combining N application with rhizobial inoculation. 
Application of N reduced the number of nodules in inoculated plants. 
Because nodule mass was not estimated, it is not known whether the size and 
mass of nodules also were affected by application of N. The inhibitory effects of 
N on nodulation and N fixation are influenced by the host-plant species, the 
bacterial strain, and the form and concentration of N used (Gibson, 1980). In this 
study, we observed a 20% reduction in the number of nodules among inoculated 
seedlings by application of ~1 mM N03. This critical concentration of N is lower 
than the >2 mM required to inhibit nodulation in soybean (Glycine max (L.) 
Merr. var. Harosoy) (Ralston and Imsande, 1983), and >3 mM required to inhibit 
nodulation in chickpea (Jessop et al., 1984). The concentration of N that inhibits 
nodulation ranges from 1.5 mM in S. rostrata (Moudiongui and Rinaudo, 1987) 
to 5 mM in R. pseudoacacia (Johnsen and Bongarten, 1991). Our data suggest the 
critical concentration of N for inhibiting nodulation in M. amurensis is lower 
than that of these other woody legumes. 
Plants grown in soil-perlite had greater growth than plants in perlite. The 
differences in growth in the two media could have been due to the better 
nutrient status of the soil-perlite medium. Differences in porosity and 
moisture-holding capacity of the two media also might have affected the 
availability of nutrients to plants. Variation in growth and nodulation among 
17 
seedlings of three families subjected to four inoculation treatments were mostly 
similar in both media. 
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Table 1. Effect of root medium, inoculation, and half-sib family on growth of 
8-week-old seedlings of M. amurensis. Values are means of 84 replicates for root 
medium, 42 replicates for inoculation, and 56 replicates for family (total number 
of replicates = 168). 
Root medium (M) 
Per lite 
Soil-per lite 
LSD (P = 0.05) 
Significance 
Inoculation (I) 
Uninoculated, -N 
Inoculated, -N 
Uninoculated, +N 
Inoculated, +N 
LSD (P = 0.05) 
Significance 
MXI 
Family (F) 
6 
8 
15-1 
LSD (P = 0.05) 
Significance 
Rankz 
3.1 
2.8 
0.2 
***y 
1.8 
3.2 
3.0 
3.8 
0.3 
*** 
* 
3.5 
3.0 
2.4 
0.3 
*** 
Stem 
length 
(mm) 
47.6 
79.8 
6.4 
*** 
52.0 
56.l 
73.1 
73.6 
9.0 
*** 
NS 
59.9 
52.4 
78.8 
7.8 
*** 
Laminar Number 
area of 
(cm2) nodules 
21.5 19.5 
34.9 15.1 
2.5 3.2 
*** ** 
21.6 6.8 
26.1 32.8 
29.7 3.5 
35.7 26.1 
3.5 4.6 
*** *** 
NS NS 
21.2 17.7 
25.9 10.7 
37.6 23.5 
3.1 3.9 
*** *** 
Total 
dry mass 
(mg) 
272 
398 
24 
** 
282 
330 
357 
371 
34 
*** 
** 
278 
362 
364 
30 
*** 
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Table 1. (continued) 
MXF NS ** NS NS ** 
IXF NS NS NS ** NS 
MXIXF NS NS NS NS NS 
z At harvest, seedlings were ranked subjectively on the basis of intensity of green 
color of foliage (5 =completely dark green, 1 =completely chlorotic or necrotic). 
Y NS, *, **, *** denote nonsignificant or significant at P = 0.05, 0.01, or 0.001 
res pee ti vel y. 
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GROWTH AND NODULATION OF MAACKIA AMUREN SIS TREATED WITH 
RHIZOBIA AND FOUR CONCENTRATIONS OF NITROGEN 
A paper to be submitted to HortScience 
J.Giridhar B. Pai and William R. Graves 
Abstract. We studied growth and nodulation of seedlings of Maackia amurensis 
Rupr. & Maxim inoculated with rhizobia and provided four concentrations of 
applied N. Potted seedlings remained uninoculated (control) or were inoculated 
with Cell-Tech liquid, Arabinose-gluconate (AG) liquid, or peat powder that 
contained Bradyrhizobium USDA 4349. Seedlings were irrigated once weekly 
with fertilizer solutions that contained 1.8, 3.6, 7.2, or 14.3 mol N/m3. Plants 
were harvested after 10 weeks. Similar nodule dry mass was obtained by 
inoculation with each of the three inoculants. There was a linear increase in 
laminar area, plant dry mass, and shoot N content between 1.8 and 7.2 mol 
N/m3. Application of 14.3 mol N/m3 reduced laminar area and seedling dry 
mass by ::=34% compared with 7.2 mol N/m3. Nodulation occurred only at 1.8 
and 3.6 mol N/m3, and nodule dry mass at these two concentrations of N was 
similar. We conclude that the three inoculants do not differ in inducing 
nodulation at 1.8 and 3.6 mol N/m3 and that maximal of seedling growth 
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occurred with application of 7.2 mol N/m3. 
Introduction 
The leguminous tree Maackia amurensis Rupr. & Maxim. has ornamental 
attributes suitable for urban landscapes (Capiello, 1988; Dirr, 1990; Graves and 
Batzli, 1990). M. amurensis also forms N-fixing root nodules in symbiotic 
association with rhizobia (Batzli et al., 1992). Inoculation of plants with 
compatible rhizobia can result in the formation of root nodules capable of 
biological N fixation. Nodulated plants might need less N fertilizer during 
production than uninoculated plants (Batzli et al., 1992; Graves, 1993), and 
survival of M . amurensis in infertile soils may be enhanced by root nodules. 
The commercial production of M. amurensis is limited (Graves, 1993), and its 
culture under controlled conditions has not been studied. The capacity of 
inoculated seedlings to nodulate in the presence of applied N also has not been 
evaluated. Growers who wish to produce M. amurensis will benefit from 
knowing the relationship between applied N and the growth and nodulation of 
inoculated seedlings. Increasing growth rates by varying fertility is also of 
interest because both seedlings and trees of M. amurensis grow slowly (Graves, 
1993). 
Our objective was to compare the growth, nodule mass, and shoot N 
content of seedlings treated with three forms of inoculants of one rhizobial 
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isolate and grown with fertilizer solutions that contained 1.8, 3.6, 7.2, or 14.3 mol 
N/m3. Uninoculated seedlings served as controls to compare the growth of 
inoculated plants with that of uninoculated plants. We show that the three 
inoculants result in similar nodule dry mass, and that plant growth and 
nodulation are dependent on the rate of applied N. 
Materials and Methods 
Seedlings of M . amurensis were grown in 15-cm-diameter (volume = 1840 
ml) plastic pots (Belden Plastics, St. Paul, Minn.) in a greenhouse for 10 weeks. 
Temperature and relative humidity, monitored by using a hygrothermograph 
(Serdex Bacharach 22-7009, Bacharach, Pittsburgh, Penn.), were 24 ± 6C and 
25 ± 10%, respectively. Natural irradiance was supplemented with irradiance 
from four high-pressure sodium lamps set at 15-h photoperiods from 0600 to 
2100 HR Central Standard Time. Midday irradiance at the top of the plant canopy 
measured with a quantum sensor (LI 185A, LI-COR, Lincoln, Neb.) was 
725 ± 250 µmol/ S·m2. A plastic screen was placed over the drainage holes of each 
pot before the pots were filled with Fisons Special Blend 1 mix (Fisons 
Horticulture, Vancouver, B.C.). This medium contained 5 sphagnum peat : 4 
composted pine bark : 1 perlite (by volume). Pots were placed individually in 
high-density polyethylene containers (volume = 1900 ml) (Fisher Scientific, 
Pittsburgh, Penn.) to collect leachate. The medium was irrigated with tap water 
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before seeds were sown. Seeds of M. amurensis from one tree at the U.S. Dept. of 
Agriculture National Arboretum at Washington, D.C., were scarified in 18M 
sulfuric add for 1 hand rinsed in deionized water. Two seeds were sown per pot, 
and the seedlings were thinned to one per pot by using sterile tools 4 weeks after 
sowing. 
Peat powder and Cell-Tech liquid inoculants were obtained from 
Liphatech, Inc., Milwaukee, Wisc. Arabinose-gluconate (AG) inoculum 
(Kuykendall and Weber, 1978) was prepared at our laboratory. The density of 
Bradyrhizobium USDA 4349 was =108 cells/gin the peat powder, =109 cells/ml in 
the Cell-Tech liquid, and =108/ml in the AG liquid. Inoculants were applied (1 
ml of liquid or 1 g of peat) to a =2-cm-deep hole in the planting mix in which the 
seeds were sown. 
Twenty-four pots were assigned randomly to each of the three inoculants 
and to the uninoculated control treatment. Pots were arranged in six completely 
randomized blocks on greenhouse benches. N treatments commenced 1 week 
after seeds were sown. Six replicates in each inoculant treatment were assigned 
randomly to each of four N treatments. Fertilizer solutions that contained 1.8, 
3.6, 7.2, or 14.3 mol N/m3 N were prepared in tap water with Peters Excel 15-5-15 
All-purpose fertilizer (Grace Sierra Horticultural Products, Milpitas, Calif.). The 
pH of fertilizer solutions was adjusted to between 6.2 and 6.8 by using HCl and 
KOH, and 500 ml of solution was applied to each pot once weekly. 
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Seedlings were harvested 70 days after seeds were sown. Laminar area was 
measured on a leaf area meter (LI-3100, LI-COR). The planting mix was gently 
washed off the roots, and the nodules were separated from the roots. All tissues 
were dried in an oven at 67C for 48 h before dry mass was quantified. Total N 
content of shoot tissue was determined by using a Lachat autoanalyzer (Lachat 
Instruments, Milwaukee, Wisc.). Data were analyzed by analysis of variance 
with a factorial model for inoculant, N treatment, and their interaction. Mean 
separations were performed by using Fisher's LSD at P = 0.05. 
Results 
Control seedlings and seedlings inoculated with the two liquids had 
similar laminar area, total dry mass, and shoot N content (Table 1). Seedlings 
inoculated with the peat powder had the lowest dry mass and less laminar area 
than control seedlings and seedlings inoculated with the AG liquid (Table 1). 
The peat powder resulted in higher shoot N content than the control treatment 
and the AG liquid (Table 1). The mean dry mass of nodules on inoculated plants 
was 5.4 mg, and there were no differences in nodule mass based on the type of 
inoculant (P = 0.05). No nodules had formed on the roots of uninoculated 
controls. 
Single-degree-of-freedom contrasts between uninoculated and inoculated 
plants were not significant at P = 0.05 for laminar area and total dry mass when 
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data from plants treated with 1.8 and 3.6 N / m3 were combined. This contrast 
was significant for shoot N content. The mean shoot N content of uninoculated 
and inoculated plants were 1.6 and 2.0%, respectively, at these two concentrations 
of applied N. 
Laminar area, and total dry mass increased with increasing N applied 
between 1.8 and 7.2 mol N/m3 (Table 1). Application of 14.3 mol N/m3 N 
resulted in 29% increase in shoot N content and a 34% decrease in both laminar 
area and seedling dry mass compared with seedlings provided 7.2 mol N /m3 N 
(Table 1). Seedlings treated with 1.8 and 3.6 mol N /m3 had mean nodule dry 
masses of 9.4 and 6.7 mg, respectively, and these means were not different at 
P = 0.05. Nodulation did not occur on any plant at the two highest 
concentrations of N. The interaction of inoculant and applied N was not 
significant at P = 0.05 (Table 1). 
Discussion 
Application of three different rhizobial inoculants resulted in similar 
nodule dry mass among seedlings. This shows that the three inoculants were 
equally effective in inducing nodulation, but only on plants provided 1.8 or 3.6 
mol N /m3. There was no difference in laminar area and dry mass between 
uninoculated and inoculated plants for combined data from 1.8 and 3.6 mol 
N/m3 applications. However, the mean shoot N content of inoculated plants 
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was =25% higher than that of uninoculated plants at these two levels of N. 
Although we did not test nodule activity directly, this difference in shoot N 
content between uninoculated and inoculated plants likely is due to rhizobial N 
fixation in the nodules of inoculated plants. Additional work is required to 
determine if inoculated plants can accumulate more dry mass than uninoculated 
plants by deriving N from their nodules when grown for more than 10 weeks in 
a low-N medium. 
The mean dry mass of uninoculated controls was 22% greater than the 
mean dry mass of all inoculated plants. The lower dry mass of inoculated plants 
could be due to the energy required for nodule production and maintenance. 
The percentage of photosynthates used in nodule respiration ranges from =4% in 
Pisum sativum L. and Vigna unguiculata L. to =40% in Lupinus alba L. (Herridge 
and Pate, 1977; Minchin and Pate, 1973; Pate and Herridge, 1978). Although their 
size may be reduced, nodulated plants may have an advantage over 
uninoculated seedlings when transplanted into infertile soils because nodulated 
plants may use biological N fixation to supplement their N requirements (Batzli 
et al., 1992; Graves, 1993). 
Our data show that 7.2 mol N/m3 evoked the most growth among 
fertilized seedlings of M. amurensis grown in a peat-based medium. Additional 
work is required to determine if 7.2 mol N /m3 is optimal or whether an N level 
between 7.2 and 14.3 mol/m3 evokes the greatest mass under the conditions to 
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which plants were exposed in this study. In container-grown woody plants 
fertilized once weekly, the optimum N level for maximal growth varies with 
plant species, growth media, and the type of nutrient salts applied (Wright and 
Niemiera, 1987). Highest shoot dry mass of weekly irrigated Acer rubrum L., 
Jlex crenata Thunb., and Pyrus calleryana Rehd. & Wils. was obtained by 
application of 21.5 mol N / m3 (Gilliam et al., 1980; Gilliam et al., 1984; Yeager and 
Wright, 1981). The growth of Cotoneaster divaricata Rehd. & Wils. was 
maximized by weekly application of 17.9 mol N / m3 (Graca and Hamilton, 1981). 
Variation in growth rates among different species and variation in methods and 
environmental conditions during different studies might explain the different 
levels of N reported to optimize growth. In general, high irradiance and high 
temperature in outdoor studies under nursery conditions might result in 
optimal growth at higher levels of N than in greenhouse studies such as ours. 
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Table 1. Effect of inoculant and applied N on laminar area, total dry mass, and 
shoot N content of 10-week-old seedlings of M . amurensis. Values are means of 
24 replicates. 
Treatment 
Inoculant 
Uninoculated control 
Peat powder 
Lipha-Tech liquid 
Arabinose-gl uconate liquid 
LSD (P = 0.05) 
Significance 
Applied N (mol NI m3) 
1.8 
3.6 
7.2 
14.3 
LSD (P = 0.05) 
Significance 
Linear 
Quadratic 
Inoculant X Applied N 
Laminar 
area 
(cm2) 
101 
69 
88 
96 
24 
• z 
37 
58 
156 
103 
24 
,..,..,.. 
**,.. 
,..,..,.. 
NS 
Total 
dry mass 
(mg) 
1064 
712 
951 
960 
216 
,.. 
388 
674 
1589 
1037 
216 
,..,..,.. 
,..,..,.. 
,..,..,.. 
NS 
Shoot N 
content 
(%) 
2.25 
2.61 
2.50 
2.31 
0.26 
,.. 
1.96 
1.89 
2.52 
3.26 
0.26 
,..,..,.. 
*""* 
NS 
NS 
z NS, •, ··· denote nonsignificant and significant at P ~ 0.05 and 0.001, respectively. 
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INFLUENCE OF SEED SOURCE ON GROWTH AND N FIXATION IN 
MAACKIA AMURENSIS 
A paper to be submitted to the 
Journal of the American Society for Horticultural Science 
J.Giridhar B. Pai and William R. Graves 
Abstract. Potted seedlings of Maackia amurensis Rupr. & Maxim. from 38 seed 
sources were grown in a greenhouse from August, 1992, until June, 1993, when 
stem length and leaflet dimensions were measured. Mean stem length ranged 
from 29.4 to 77.6 mm and the product of leaflet length and width ranged from 
362 to 1510 mm2 among sources. In a second experiment, we studied variation 
in growth and nodulation among seedlings from seven half-sib families of M. 
amurensis. Seedlings were grown in 600-ml Leonard jars that contained 1 soil: 4 
perlite (by volume) for 12-weeks. Seedlings were inoculated twice with 
Bradyrhizobium USDA 4349 or left uninoculated (-N and +N controls). Stem 
length, laminar area, and dry mass of +N control plants were greater than those 
of -N control and inoculated plants. Inoculated plants had 31 % greater shoot N 
content than -N control plants, and nodule dry mass of inoculated plants was 
correlated positively with laminar area. Inoculated plants of the seven families 
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varied in their nodule dry mass and shoot N content. We conclude that 
variation among seed sources and half-sib families can be used in selection 
programs and that families with greater laminar area also tend to have greater 
nodule mass. 
Introduction 
The leguminous tree Maackia amurensis Rupr. & Maxim has ornamental 
attributes suitable for urban landscapes (Cappiello, 1989; Dirr, 1990; Graves and 
Batzli, 1990). Also, M. amurensis forms N-fixing root nodules in association 
with rhizobia and might require low inputs of N fertilizer during nursery 
production (Batzli et al., 1992). The commercial production and use of 
M. amurensis are limited, and no cultivars have been selected (Batzli et al., 1992; 
Graves, 1993). Seedlings and trees of M. amurensis grow slowly, and finding 
faster-growing genotypes would benefit the nursery industry (Graves, 1993). 
Knowledge of patterns in variation among genotypes might facilitate efforts to 
select cultivars. Thus, the objective of our first experiment was to study the 
variation in stem length and leaflet area among seedlings from different seed 
sources. 
Selection of host genotypes to maximize rhizobial N fixation has recently 
been reported in the N-fixing tree legumes Acaci.a albida Delile, Gliricidia sepium 
(Jacq.) Kunth. ex. Walp., and Leucaena leucocephala (Sanginga et al., 1990; 
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Sanginga et al., 1992). Variation in growth and nodulation among inoculated 
seedlings of different genotypes of M. amurensis has not been studied. Studying 
such variation among inoculated seedlings might reveal faster-growing 
genotypes with the capacity to form greater nodule mass and to derive greater 
benefit from rhizobial N fixation. Therefore, the objective of our second 
experiment was to determine the variation in growth and morphology among 
inoculated plants in seven half-sib families. 
Materials and Methods 
Experiment 1. Seeds of M. amurensis were obtained from 17 different 
locations in the U.S. Each source provided seed from one to seven trees, 
resulting in a total of 38 groups of seeds (Table 1). 
The number of seeds we germinated ranged from 6 to 92 based on the 
number of seeds available from each source. Seeds were scarified in 18 M 
sulfuric acid for 1 hand rinsed in deionized water. Scarified seeds were placed in 
paper towels moistened with tap water and germinated in the dark at 20C for 1 
week. Seedlings were planted in 8.6-cm-wide (volume = 325 cm3) square plastic 
pots (Belden Plastics, St. Paul, Minn.) in a medium of 2 soil : 3 perlite : 5 peat 
moss (by volume). Equal numbers of seedlings were planted on one date each in 
August and September, 1992. Seedlings were transferred to greenhouse benches 
under incandescent lamps that provided 16-h photoperiods. Seedlings were 
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placed in a =4C cooler from December, 1992, until April, 1993, and then arranged 
randomly on greenhouse benches during April, 1993. 
Stern length (the distance between the cotyledonary scars and the growing 
tip of the longest stern) and length and width of the most basipetal compound 
leaflet of each seedling were measured in random order in May and June, 1993. 
Data from seedlings in the two replications were combined for determination of 
means. 
Experiment 2. Leonard jars (Leonard, 1944) were filled with a mixture of 1 
soil : 4 perlite (by volume). The jars were made of amber glass, and the top 
portion had a volume of =600 ml. The soil was obtained from a fallow field plot 
at the Agronomy and Agricultural Engineering Research Farm of Iowa State 
University at Boone, Iowa. The soil was low in N (7 mg/liter) and was sieved 
through a 5-rnrn screen before use. The filled jars were autoclaved for 1.5 h after 
the juncture between the upper and lower portions was covered with brown 
paper, and the open surface of the upper portion was covered with aluminum 
foil. Sterile deionized water was added to the medium before seeds were planted. 
Seeds from seven half-sib families (1, 4-3, 6, 8-2, 12, 13, and 15-3; Table 1) 
were scarified in 18 M sulfuric acid for 1 hand rinsed in sterile deionized water. 
Two seeds were planted aseptically on 29 Oct. 1992 in each of 18 jars assigned to a 
family. Six jars from each family group were assigned randomly to inoculated, 
+N control, and -N control treatments. Bradyrhizobium USDA 4349 cultured in 
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an arabinose-gluconate medium (Kuykendall and Weber, 1978) was used as 
inoculum. There were ===108 cells / ml, and 2 ml were applied aseptically to a 
1-cm-deep planting hole in the medium in all other jars. Arabinose-gluconate 
(AG) medium (2 ml/jar) without rhizobia was applied aseptically to the medium 
in jars assigned to +N and -N control treatments. The medium was kept moist 
by placing sterile plastic petri dishes over the open surface of each jar until the 
tenth day after planting. The total of 126 jars in the experiment were arranged as 
six completely randomized blocks on greenhouse benches. Air temperature 
inside the greenhouse was 24 ± 6C and the midday irradiance (400 - 700 nm) was 
600 ± 285 µmol·s-1.m-2. Seedlings were thinned aseptically to one per jar 4 weeks 
after planting. A second inoculation was done 6 weeks after planting by pipetting 
inoculum or AG medium without rhizobia around the crown of each seedling. 
Sterile, 25% Hoagland's #2 nutrient solution (Hoagland and Arnon, 1950) was 
added to the lower portions of jars every 7 to 10 days to bring the volume in each 
container to ===350 ml. Plants in the inoculated and -N control treatment received 
N-free solution, and those in the +N control treatment received solution 
containing 0.75 mM N03. 
Seedlings were harvested 12 weeks after planting (22 Jan. 1994). The 
medium was removed gently from the roots, and nodules were separated from 
the roots. Laminar area was measured on a leaf area meter (LI- 3100, LI-COR, 
Lincoln, Neb.), and plant tissues were dried at 67C for 48 h before dry mass was 
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quantified. A second replication of this experiment was conducted between 8 
Feb. 1994, and 3 May 1994. All procedures were repeated except that the second 
inoculation was done 2 weeks after planting. Data from the first and second 
replications were combined for statistical analysis. Analysis of variance was done 
by using a factorial model for inoculation treatment and half-sib family. Mean 
separations were performed by using Fisher' s LSD at P = 0.05. The LSD values 
within each inoculation treatment (Table 3) were estimated by using error mean 
square estimates from analysis of variance of data within each inoculation 
treatment. 
Results 
Experiment 1. Seedlings from the 38 seed sources varied in stem length 
and leaflet size. Mean stem length ranged from 29.4 mm for source 7-4 to 77.6 
mm for source 8-3 (Table 2). The stem length of 31 of the 38 sources had a 
standard error of the mean (SEM) of 0.9 to 2.9 mm (Table 2). The SEM among the 
remaining seven sources, which had n of 4 to 18, was between 3.9 and 9.3 mm 
(Table 2). The mean product of leaflet length and width ranged from 362 mm2 
for source 6 to 1510 mm2 for source 12 (Table 2). The SEM for the product of the 
leaflet length and width ranged from 25 to 153 mm2 (Table 2). Seedlings from 
different sources seemed to vary in leaf shape and color, but this was not 
quantified. 
Experiment 2. Control plants provided N had a mean stem length of 150 
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mm, a mean laminar area of 212 cm2, and a mean total dry mass of 2483 mg. 
These means were greater than those of inoculated and -N control plants a 
(P = 0.05). These traits were not different among inoculated and -N control 
plants (P = 0.05). The mean stem length, laminar area, and total dry mass of 
inoculated plants were 60 mm, 45 cm2, and 648 mg, respectively, and means of 
-N control plants were 62 mm, 41 cm2, and 626 mg, respectively. The mean 
shoot N content among inoculated plants was 2.15%, which was 32% greater 
than that of -N control plants. Shoot N contents of inoculated and +N control 
plants were not different at P = 0.05. 
The interactions between inoculation treatment and family were 
significant at P = 0.05 for stem length, laminar area, and total dry mass. The 
magnitude of differences in these traits among families was higher among +N 
controls than in the other two treatments (Table 3). In all seven families, -N 
control and inoculated plants did not differ (P = 0.05) in stem length, laminar 
area, and total dry mass. Plants in these two treatments had lower (P = 0.05) stem 
length, laminar area, and total dry mass than plants in the +N control treatment. 
Stem length of +N control plants was as much as 3.6 times (family 8-2) and as 
little as 1.7 times (family 12) that of inoculated plants (Table 3). Laminar area of 
+N control plants was as much as 6.0 times (family 6) and as little as 3.3 times 
(family 1) that of inoculated plants (Table 3). Total dry mass of +N control plants 
was as much as 5.3 times (family 8-2) and as little as 2.5 times (family 1) that of 
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inoculated plants (Table 3). 
Inoculated plants of families 1, 4-3, 6, 8-2, 12, 13, and 15-3 had mean nodule 
dry mass of 30, 41, 13, 27, 24, 26, and 49 mg, respectively (LSD p = o.os = 14 mg). The 
mean nodule dry mass of -N control plants of families 4-3, 6, and 12 was 40, 9, 
and 17 mg, respectively. In these three families, nodule dry mass of inoculated 
and -N control plants was not different (P = 0.05). The mean nodule dry mass of 
-N control plants of families 1, 8-2, 13, and 15-3 was 12, 8, 9, and 33 mg, 
respectively. In these four families inoculated plants had higher mean nodule 
dry mass than -N control plants (P = 0.05). Among all families except 6, 
inoculated plants had greater shoot N content than -N control plants (P = 0.05). 
The shoot N content of inoculated and +N control plants in all families except 
15-3 were not different (P = 0.05). 
Discussion 
Experiment 1 provided initial evidence that seed source influences stem 
length and leaflet dimensions of seedlings of M. amurensis. This variation in 
seedling growth and morphology could be utilized in selection programs. 
Fast-growing genotypes may be of particular interest to growers because 
M . amurensis grows slowly both as a seedling and an adult tree (Graves, 1993). 
Further work is needed to assess variation in other traits like branching habit, 
flower color, and bark color and texture (Graves, 1993). Clonal propagation of 
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seedlings with desirable traits will be possible by use of softwood cuttings 
(McNamara et al., 1994). 
In Experiment 2, inoculated plants and uninoculated plants not provided 
N grew similarly, but inoculation increased N content of plants in six of seven 
families. Greater differences in growth and shoot N content between inoculated 
and -N control plants might have been detected if nodules had not formed on -N 
control plants. It has been hypothesized that inoculation might be useful as a 
nursery practice for growing seedlings in low-N soils in the absence of mineral N 
(Graves, 1993; Batzli et al., 1992). Our data suggest that though inoculation 
increases shoot N content, inoculated plants might require application of 
mineral N to attain maximal growth. 
Plants from the seven families in the second experiment differed in 
growth, but the magnitude of the differences depended on the inoculation 
treatment. Greater differences among +N control plants likely was due to the 
enhanced growth caused by application of mineral N. Reduced growth among 
inoculated plants could be due to a high requirement of energy (2.9 - 6.1 g carbon 
(C)/ g N) to assimilate N by rhizobial N fixation. This is in contrast to the 0.8 - 2.4 
g C/ g N required to assimilate mineral N (Atkins, 1984). Even highly 
energy-efficient rhizobial strains require more energy to assimilate Ni than 
plants require to assimilate mineral N (Atkins, 1984). The energy-efficiency of 
Bradyrhizobium USDA 4349 in assimilating Ni is not known. Batzli et al. (1992) 
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found that this isolate was among the most effective of 11 rhizobial isolates at 
increasing the N content of M. amurensis grown in a greenhouse without 
application of mineral N . Further work under nursery conditions should 
compare the efficiency of the 11 rhizobial isolates confirmed to associate with 
M. amurensis (Batzli et al., 1992) 
Batzli et al. (1992) reported that 67-day-old half-sib seedlings inoculated 
with USDA 4349 had a mean nodule dry mass of 43.4 mg. In our study, the 
nodule dry mass among 84-day-old plants from seven half-sib families 
inoculated with this Bradyrhizobium ranged from 13 to 49 mg. The shoot N 
content of inoculated plants of different families ranged from 1.68 to 2.46%. 
Variation in nodule mass and shoot N content suggests inoculated plants from 
different families vary in their capacity for nodulation and the quantity of N they 
derive from rhizobial N fixation. 
Differences among families in their nodulation could be related to 
variation in laminar area and consequently the supply of photosynthates from 
the shoot to the nodules. In a symbiosis between a legume host and rhizobia, the 
functions of both partners are interdependent. The host may depend on the 
rhizobia for N, and the rhizobia derive energy from photosynthates assimilated 
in the foliage of the plant. The supply of assimilates from the host can be a 
limiting factor in the optimal functioning of nodules (Atkins, 1984). Nodule 
functioning can use up to 10% of photosynthates assimilated in the shoot 
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(Atkins, 1984). The highly positive correlation (r2 = 0.88, P<0.0001) between 
laminar area and nodule mass in our study shows that variation in laminar area 
might be a significant factor that affects the nodule mass of plants. Therefore, it 
may be important to select M. amurensis families or individual genotypes with 
greater laminar area so that inoculation can result in greater nodule mass and 
enhanced rhizobial N fixation. 
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Table 1. List of seed sources of M. amurensis, their geographic location, the number of trees from 
which seeds were collected, designated codes, and miscellaneous comments. 
Seed No. of Designated 
source Location trees codes Miscellaneous comments 
1 Madison, Wisc. 1 1 tree obtained as seedling in 1957 from an 
Ohio nursery 
2 Lisle, Ill. 2 2-1, 2-2 2-1 from tree grown from seed collected in 
Russia 
3 Lincoln, Nebr. 4 3-1, 3-2, 3-3, trees transplanted from the Univ. of 
3-4 Nebraska-Lincoln nursery in 1990 
4 Chanhassen, Not 4-1, 4-2, 4-3 4-1 and 4-2 from many half-sib trees, seeds in 
Minn. known 4-3 from a single tree 
5 Portland, Ore. Not 5 tree at Hoyt Arboretum 
known 
6 Brookfiled, Ill. 1 6 tree from Hooks Nursery in Illinois, planted 
in 1978 
7 Clermont, Kent. 7 7-1, 7-2, 7-3, trees bought as seedlings from Scanlon 
7-4, 7-5, 7-6, Nursery in 1961 
7-7 
8 Jamaica Plain, 3 8-1, 8-3, 8-3 trees at Arnold Arboretum 
Mass. 
9 Philadelphia, 1 9 tree cultivated at the Univ. of Pennsylvania 
Penn. campus since 1964 
Table 1. (continued) 
10 Mentor, Ohio 1 10 tree grown from seed received in 1955 from 
the Gothenburg Botanic Garden in Sweden 
11 New London, 1 11 tree purchased in 1978 from Ed ward Scanlon 
Conn. Nursery 
12 Swarthmore, 1 12 tree obtained as seedling in 1964 from 
Penn. J. Frank Schmidt and Son Co., Boring, Ore. 
13 Seattle, Wash. 1 13 tree obtained from Arnold Arboretum at 
Harvard University 
14 Wallingford, 1 14 tree obtained from Kingsville Nursery in 
Penn. 1957 
15 Washington, 5 15-1, 15-2, trees at U.S. Dept. of Agriculture National .p.. (J1 
D.C. 15-3, 15-4, Arboretum 
15-5 
16 Silver Spring, 4 16-1, 16-2, trees at Sligo Creek Park 
Md. 16-3, 16-4 
17 Ames, Iowa Not 17 seeds collected in 1920' s from China and 
known provided by the North Central Region Plant 
Introduction Station at Ames, Iowa 
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Table 2. Number of replicates (n), stem length, and product of leaflet length and 
width of seedlings of M . amurensis from 38 sources. Values for stem length and 
product of leaflet length and width are means± SEM. Seedlings were =9 months 
old when data were collected. 
Seed source n 
1 108 
2-1 12 
2-2 13 
3-1 45 
3-2 24 
3-3 6 
3-4 4 
4-1 53 
4-2 60 
4-3 49 
5 86 
6 65 
7-1 40 
7-2 27 
7-3 33 
7-4 58 
7-5 81 
7-6 62 
7-7 63 
8-1 73 
8-2 153 
Stem length 
(mm) 
39.2±1.1 
53.8 ± 3.9 
49.4±4.9 
46.7 ± 2.4 
39.0 ± 2.9 
41.7 ± 9.3 
30.3 ±5.0 
33.2±1.7 
47.2±1.8 
60.6 ± 2.7 
54.7± 1.5 
32.3±1.2 
43.5 ± 2.2 
36.7 ± 2.1 
48.2 ± 2.7 
29.4 ± 1.5 
38.9± 1.7 
38.0 ±2.0 
32.8±1.6 
61.1±2.0 
63.4±1.7 
Product of leaflet length 
and width (mm2) 
936 ±38 
1006±114 
869 ±77 
743 ±57 
537 ± 52 
697± 118 
523±153 
618 ±40 
807 ± 35 
862 ± 59 
1116 ± 40 
362±19 
515 ± 35 
574 ± 50 
597±43 
605 ± 30 
591 ±32 
535 ± 27 
572 ± 28 
992 ± 38 
1153 ± 40 
47 
Table 2. (continued) 
8-3 90 77.6±1.9 1310 ± 46 
9 47 55.8±1.7 1131±61 
10 84 33.3 ± 0.9 654 ±40 
11 9 54.9 ± 7.5 444 ±50 
12 43 60.1±2.2 1510±105 
13 125 37.8±1.2 655 ±25 
14 12 44.8± 1.8 924±90 
15-1 171 61.6±1.3 1054 ± 31 
15-2 18 47.9 ± 3.4 1089 ± 98 
15-3 163 50.2±1.1 971 ±30 
15-4 74 53.4±1.8 1201±52 
15-5 166 54.4±1.4 1036 ± 26 
16-1 113 56.3±1.6 538 ± 27 
16-2 63 51.3±1.9 525 ± 30 
16-3 35 59.9 ± 2.3 625± 35 
16-4 18 52.8 ± 4.4 669 ± 71 
17 56 49.1±1.4 978 ±42 
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Table 3. Influence of family and inoculation treatment on growth and shoot N 
content of 12-week-old seedlings of M. amurensis. Values shown are means of 
nine to 12 replicates. 
N/inoculation treatment 
Variable Family -N control Inoculated +N control 
Stern length (mm) 
1 39 43 101 
4-3 98 76 215 
6 45 60 173 
8-2 72 67 241 
12 60 60 101 
13 52 45 125 
15-3 68 60 201 
LSD (P = 0.05) 20 22 66 
Laminar area (crn2) 
1 19 31 101 
4-3 65 86 307 
6 24 29 173 
8-2 40 45 241 
12 42 41 160 
13 22 37 189 
15-3 47 63 316 
LSD (P = 0.05) 26 29 97 
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Table 3. (continued) 
Total dry mass (mg) 
1 429 614 1560 
4-3 1002 780 2972 
6 396 391 1919 
8-2 796 710 3733 
12 662 659 1961 
13 375 555 1956 
15-3 654 794 3270 
LSD (P = 0.05) 205 253 948 
Shoot N content (%) 
1 2.06 2.46 2.27 
4-3 1.74 2.42 2.33 
6 1.32 1.68 2.22 
8-2 1.12 1.87 1.93 
12 1.50 1.87 1.92 
13 1.88 2.35 2.20 
15-3 1.73 2.39 1.92 
LSD (P = 0.05) 0.36 0.36 0.36 
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GENERAL CONCLUSIONS 
My results show that seedlings of different seed sources and half-sib 
families of M. amurensis vary in their growth and root nodulation. Differences 
in stem length, laminar area, and dry mass accumulation indicate distinctive 
growth rates among seedling populations. This variation could be used in 
breeding and selection programs to identify genotypes suited for nursery 
production and use in urban landscapes. Growers interested in M. amurensis 
production will benefit from faster-growing genotypes because this species is 
known for its slow growth. Variation among seedlings in root nodulation and 
the benefit derived from rhizobial N-fixation can be used for selecting families or 
individual cultivars for production of nodulated plants that depend on little or 
no N inputs during nursery production. Additional work is required to 
determine the heritability of traits studied among and within different half-sib 
families. 
Initial growth of inoculated seedlings was low, but shoot N content of 
plants inoculated with rhizobia was similar to that obtained by application of 
mineral N. Further work is needed to determine if the slow growth of seedlings 
of M. amurensis causes low rhizobial N fixation initially and whether greater 
growth and N fixation can occur over periods longer than I studied. 
Maximum growth was obtained at 7.2 mol N / m3 when inoculated 
seedlings of M . amurensis were irrigated once weekly with fertilizer solutions 
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containing 1.8, 3.6, 7.2 and 14.3 mol N / m3. Nodulation occurred only among 
plant given 1.8 and 3.6 mol N / m3, and nodulated plants had a higher shoot N 
content than uninoculated plants at these levels of applied N. Therefore, I 
conclude it is possible to produce seedlings with functional nodules at low levels 
of fertilizer N application. Additional work is required to find out whether 
application of 7.2 mol N / m3 optimizes growth under nursery conditions and 
whether plants growing at a near-optimal rate can be induced to nodulate. 
